Purpose: Short life expectancy influences decision-making when treating very old patients with acute ischemic stroke (AIS). We investigated mortality and survival duration in very old AIS patients (≥ 80 years) who received hospital care. Patients and Methods: Mortality data were obtained from medical records, structured telephone inquiries, death certificates from the Korean National Statistical Office, and social security data 5 ± 1.9 years after stroke onset. Age, gender, vascular risk factors, and functional outcomes from modified Rankin scales (MRS) at discharge were analyzed as predictors of mortality. Results: Among 134 patients, 92 (68.7%) died. On KaplanMeier analysis, duration of survival of patients aged 80 -84 years was longer than those aged 85 -89 or 90 -94 (24 ± 6.4, 8 ± 7.3, 7 ± 2.0 months, respectively, p = 0.002). Duration of survival of patients discharged in a state of MRS 0 -1 was longer than the remaining groups at 47 ± 4.8 months (p < 0.001). In Cox proportional hazard analysis, age and MRS at discharge were independent predictors of mortality. Conclusion: Long-term outcomes of very old patients with AIS are not uniformly grave, therefore predictors of mortality and estimated duration of survival should be considered during decision-making for treatment.
INTRODUCTION
With prolonged life expectancy, the number of very old patients in acute stroke units has been increasing. Early or in-hospital mortality of very old patients is higher and their active medical care is poorer than younger patients. [1] [2] [3] [4] Short life expectancy may influence active medical care in very old patients. Despite the lack of evidence-based studies on patients beyond the age of 80 years, carotid endarterectomy or thrombolysis has been performed in a selected numbers of very old patients. [5] [6] [7] [8] [9] Recent case studies recommended that the very old should not be denied treatment on the basis of age alone, therefore other prognostic factors would be useful in selecting candidates for active intervention among very old patients with acute ischemic stroke (AIS). 7, 8 Most previous studies compared the prognosis of very old stroke patients with that of younger patients or assessed the prognosis at discharge or 3 months later. [2] [3] [4] [9] [10] [11] Very few studies have focused on the long-term outcomes or survival duration of very old stroke patients. The Copenhagen stroke study analyzed long-term prognosis in very old stroke patients but prognostic factors among very old stroke patients were not separately analyzed.
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Imbalance in baseline variables between very old and younger groups may contribute to the poorer prognosis in very old stroke patients after acute treatment. 9 Long-term prognosis for very old stroke patients was not uniformly poor, therefore analysis of long-term prognostic factors among very old stroke patients may be important in deciding on the treatment of very old AIS patients. This study investigated long-term mortality, its predictors, and duration of survival among very old patients with AIS.
PATIENTS AND METHODS
This study was based on data from Hallym Stroke Registry (HSR) of the Hallym University Medical Center, a prospective, multicenter, hospitalbased stroke data bank of acute stroke patients who were admitted within 7 days of onset of stroke. 12 The 13 and functional outcomes were measured by means of modified Rankin scales (MRS) at discharge as follows: no symptom (MRS 0), symptom but no disability (MRS 1), mild disability (MRS 2), moderate disability with independent walking (MRS 3), severe disability (MRS 4), bedridden state (MRS 5), and death (MRS 6).
14 Information on mortality was obtained from January to July 2005, through medical records, structured telephone phone inquiries, death certificates from the Korean National Statistical Office from 1996 to 2002, and social security data. Probable causes of death were categorized based on patients' medical charts, information from families through phone interviews, and death certificates from the Korean National Statistical Office. The categories were index stroke, recurrent stroke, heart disease, infection, cancer, another known cause, and unknown causes. Cox proportional hazard analysis was used to calculate the hazard ratio (HR) and 95% confidence interval (CI) for mortality. Demographic characteristics, conventional risk factors for stroke, and functional status at discharge were analyzed for predictors of mortality. A p value < 0.05 was chosen for statistical significance. Kaplan-Meier survival analysis was done with significant predictors of mortality. Statistical analyses were undertaken using SPSS software.
RESULTS
A total of 134 patients were included in this study: 61 men and 73 women (median age, 82 years; range, 80 -94). Demographic characteristics and vascular risk factor are shown in Table 1 . After admission, all patients were treated with antiplatelet agents, 6 patients with an intravenous recombinant tissue plasminogen activator (rtPA), and 22 patients with intravenous conventional heparin, based on physician's decisions.
According to TOAST classification, 44 patients were classified as having large vessel disease, 37 as cardioembolism, 33 as small vessel disease, 19 as undetermined causes, and 1 as another determined cause.
Median length of hospital stay was 10 days. Within 90 days, 132 patients (98.5%) were discharged. Functional status at discharge was MRS 0 -1 in 22 patients (16.4%), MRS 2 -3 in 47 (35.1%), MRS 4 -5 in 45 (33.6%), and MRS 6 (death during hospital stay) in 20 (14.9%). A total of 101 patients were discharged to their homes and 13 were transferred to other hospitals. Secondary preventive medications at hospital discharge were antiplatelet agents for 91 patients and oral anti- Mortality data were obtained at mean 5 ± 1.9 years (range, 2 -9 years) after stroke onset: 58 patients from medical records, 45 from structured telephone phone inquiries, 21 from the Korean National Statistical Office from 1996 to 2002, and 10 from social security data. Ninety-two patients (68.7%) died of the following causes: index stroke (44 patients), recurrent stroke (3), heart disease (7), infection (5), cancer (8), or another known or unknown cause (25). Among 92 patients who died during follow up, 54 (58.7%) died of vascular causes and 38 (41.3%) of non vascular or unknown causes.
On Kaplan-Meier analysis, median duration of estimated survival was 24 ± 6.4 months for 91 patients aged 80 -84 years, 8 ± 7.3 months for 34 patients aged 85 -89 years, and 7 ± 2.0 months for 9 patients aged 90 -94 years (Fig. 1, p = 0.002) . Median survival duration according to functional status at discharge was 47 ± 4.8 months for MRS 0 -1, 39 ± 9.0 months for MRS 2 -3, 5 ± 1.1 months for MRS 4 -5, and 1 month for MRS 6 (p < 0.001).
After excluding patients who died in hospital, demographic characteristics, vascular risk factors, NIH stroke scale at admission, stroke subtype, treatment with intravenous rtPA, and functional status at discharge were analyzed for predictors of mortality in a Cox proportional hazard model. As shown in Table 2 , age (HR 1.12, 95% CI 1.01 -1.24, p = 0.039) and MRS 4 -5 status at discharge (HR 8.1, 95% CI 2.20 -29.64, p = 0.002) were significant predictors of mortality. When the analysis was performed in all 134 patients, independent predictors of mortality did not change.
DISCUSSION
According to in this hospital-based retrospective study, about two-thirds of AIS patients aged ≥ 80 years died at a mean of 5 ± 1.9 years (range, 2 -9 years) after stroke onset. To obtain more information about follow-up status, national statistical data based on the personal identification number can be used to study long-term prognoses. 1, 11 Age 80 was selected as the cutoff, similar to recent studies focused on the treatment of the very old. [7] [8] 15 This study had some limitations. First, data from 2 hospitals were studied because the number of patients aged 80 years and older per hospital was not sufficient for analysis of predictors of mortality. The initial clinical data of the two hospitals were similar. Second, although collection of patient outcomes at a fixed interval was reasonable, functional status was assessed only upon discharge. 16 Median duration of hospital stay was 10 days and length of hospital stay was not an independent predictor of mortality in a separate analysis. Third, pre-stroke disability, comorbidity other than vascular risk factors, and recurrence of stroke may influence mortality after a stroke, 1, 11, 17 but these variables were not assessed due to limitations because of the nature of retrospective study. Finally, we did not compare the mortality of older and younger stroke patients. The comparison may be able to identify specific predictors of mortality in older patients compared to younger patients. Age and functional status at discharge were significant predictors of mortality. We classified patients into 3 age groups and median duration of survival was analyzed separately. Since the number of patients aged 90 -94 years was small, median survival durations of the 2 octogenarian groups could be clinically useful as a reference value.
Functional status at discharge was a significant predictor of mortality. NIH stroke scale scores were not significant because of the correlation between the outcomes at discharge and NIH stroke scale scores upon admission (r = 0.736, p < 0.001). Functional status at discharge is just one short-tem outcome parameter with more influence on long-term outcome.
Atrial fibrillation was not an independent predictor of mortality in this study. The significance of atrial fibrillation was inconsistent with previous studies. 1, 4, 11 In a study that separately analyzed the prognostic factors of AIS patients aged ≥ 80 years, atrial fibrillation was not a significant predictor for older patients, 1 and previous histories of stroke did not influence mortality. A possible explanation is that only patients with mild disability from previous strokes could survive until their 80s and most very old patients with first-ever stroke in the study had a silent infarct on MRI. 18 Subtypes of stroke were not an independent predictor of mortality. De Jong et al. reported stroke subtypes were one of the independent predictors of 30-day case fatality but not a predictor of later mortality. 19 In the present study, 6 patients received thrombolysis with rtPA and the treatment did not give significantly influence long-term mortality. However, the number of patients was very small and the functional outcomes at final follow up were not analyzed, indicating that the efficacy of intravenous thrombolysis in stroke patients aged ≥ 80 years was not assessed in this study. Recent systemic review also suggested that it is reasonable to include older patients in randomized placebocontrolled trials to analyze efficacy and safety of treatment. 9 In recent studies, the proportion of patients aged ≥ 80 years was 30.2 -53.7% among patients with AIS. 1, 4 However, long-term outcomes or survival duration after stroke in those patients have not been frequently studied. Miller et al. reported that median survival of patients with carotid stenosis after carotid endarterectomy was 6.6 years in patients aged ≥ 80 years, but median patient survival with ischemic stroke was not separately analyzed. 7 Residual life expectancy of less than 5 years was one of the exclusion criteria for carotid endarterectomy in symptomatic patients, 5 however, the longest median duration of survival of any subgroup in the present study was less than 4 years in this study, and about 10% of the patients aged ≥ 85 years were independently alive 5 years after stroke onset in the Copenhagen stroke study. 11 Further study with a larger population seems to be needed to evaluate survival after stroke and establish more practical criteria of active intervention for very old AIS patients.
In conclusion, age and functional outcomes at discharge were significant predictors of long-term mortality. These predictors and estimated duration of survival should be considered during the decision-making process on the treatment of very old AIS patients.
